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TWO HORIZONTAL DIRECT- ACTING 

iFiple-Eipansioii Screw-Engines and M 




FOR 



U. S. S. PHILADELPHIA. 

(CRUISER NO. 4,) 

OF 4,300 TONS DISPLACEMENT. 



REFERKXCE BEING HAD TO THE ACCOMPANYING DRAWINGS, WHICH 
ARE TO FORM A PART OF THESE SPECIFICATIONS. 



GENERAL DESCRIPTION. 

The engines are to have, each, a high, intermediate and low- 
pressure cylinder, of 38, 56, and 86 inches diameter, respect- 
ively, and a piston-stroke of 40 inches. 

The engines will be place<l in separate water-tight compart- 
ments, and will l)e duplicates, the low-pre^sure cylinder being 
forward in the forward, and aft in the after compartment ; 
the forward engine turning the port-pro j)eller. 

The main steam-valves are to be of the piston type; there 
will be one tor the high-pressure, two for (he intermediate, 
and two for each low-pressure cylinder, worked by radial valve- 
gear and arranged for a minimum cut-off of 0.4 of the stroke 
in the high-pressure and 0.5 in the intermediiite and low- 
pressure cylinders. 

Each piston is to have one piston-rod secured to a cross-head, 
which will run on guides, supported by the engine bed-frame. 

(2) 



3 

Each crank-shaft will be built-up, made of steel, in one- 
piece, with cranks at equal angles and with the necessary 
coupling discs forged on. 

The castings containing the crank-shaft l)earings will l)e cast 
in five pieces for each engine. They will be bolted to engine 
keelsons, and stayed tocylindei-s by steel tie-rods and the engine 
be<l-frames. 

Each main engine will have two air and two bilge-pumps, 
all vertical and single-acting, driven by an independent com- 
pound engine. Also one centrifuii;al circulating pump to be 
arranged with bilge as well as st-a-injection. Air-pumps to 
deliver into one feed-tank of boiler-iron. The tank will have a 
capacity of about 500 gallons, and will be partitioned and 
fitted as a filter. 

The shells of condensers will be cylindrical and made of 
brass. They will be fitted with brass tubes J inch diameter 
outside, and will have a total cooling surface of about 13,500 
square feet measurcnl on the outside of the tubes. The tul>es 
will be placed fore-and-aft, the water circulating through them 
and thence overboard through out board -deli very valves. 

Suitable baffling and supporting plates will be arranged in 
each (M)ndeu.ser to assist in the circulation of steam and to 
8upj)ort the tulws. 

There are to be two vertical duplex pumps fitted in each 
fire-room of ample capacity for feeding the boilers. One set 
in each fire-room will be fitted to draw from fc»ed-water tank 
and bottom of forward condenser and discharge through 
boiler chc(»k- valves. The second set in each fire-room will be 
fitted to draw water from tank, sea, bilge, and boilei*s, and to 
discharge into fire-main, through boiler-checks, and overboard. 
The pump in forward fire-room to likewise discharge through 
distiller. 

A horizontal pump is to be plated in each engine-room, and 
fitted to draw water from the sea and bilge, and to discharge 
into fire-main and through outl>oard-delivery. 

The water-cylinders and chests of all pumps are to be of 
comjK)sition. 



The distilling apparatus will be located where directed, and 
will consist of one distiller capable of furnishing 3,000 gallons 
of potable water in twenty-four hours. The circulating water 
for the distiller will be supplied by the auxiliary pump in for- 
ward fire-room. 

The propellers are to be three-bladed, right and left-handed, 
respectively, of about 14 feet 6 inches diameter, and will be 
made of manganese-bronze. 

There will be four double-ended horizontal return tubular 
boilers, containing an aggregate grate surface of 624 square 
feet, arranged fore and aft, in two water-tight compartments, 
with four athwartship fire-rooms. Each boiler will be 14 feet 
in diameter and about 20 feet long. 

The smoke-pipe will be fixed, and its top will be about 60 
feet above the grates. 

Fire-rooms are to be arranged to work under air-pressure 
when required, and to be fitted, each, with two blowers, cap- 
able of supplying continuously, with ease, sufficient air for the 
required horse-power. 

DETAILED DESCRIPTION. 

CYLINDER CASINGS. 

The cylinder casings, which will include the steam and 
exhaust ports and passi^ges, inboard heads, and valve-chests, 
are to be of cast-iron. 

They will be fitted with cylinder linings of hard cast-iron. 

The cylinder casings will have extensions cast on them 
with flanges 1 J inches thick for securing them to engine bed- 
frames. 

The cylinder casings and covers, after being placed in the 
ship, are to \ye covered with non-conducting material, and 
neatly lagged with black walnut, removable where directed. 

UE< EIVKRS. 

The receivers will consist of the spaces between high-pres- 
sure and intermediate, and intermediate and low-pressure pis- 
ton-valves and their connecting pipes. 



There will be a 3J-inch eopi)er pipe, with composition stop- 
valve, connecting main steam-pi])e to each receiver space; and 
a composition safety-valve, with nickel seat of 2J inches 
diameter, on each receiver, the intermeiliate pressure weighted 
to 80 pounds per square inch above the atmosphere, and the 
low-pressure to 30 pounds. 

CYLINDER LININGS. 

The linings are to be of cast-iron as hard as tools can work, 
with central ring or rest. They will be 1 1 inches thick and 
will be accurately fitted and secured to the casings. They 
are to be snKK)thly and accurately biu'ed to diameters of 38, 
5<), and 86 inches respectively, and lor a piston-stroke of 40 
inches. Cylinder linings to l)e jacketed. 

CYLINDER HEADS AND CX)VERS. 

The cylinder-heads are to be cast solid with cylinder casings 
and amply stiffened by ribs. They will have suitable open- 
ings for the stuffing-boxes. The cylinder c*overs are to be 
made of cast-steel and well-ribl)ed. Each low-pre.ssure cover 
will have a man-liole c^ist in, which will be faced to receive the 
man-hole plate. The cylinder covers are to be faced true on 
the inside. They are to have faced flange-, and are to i)e 
secured to cylinder casings by wrought-iron bolts with finished 
nuts. Bolts are to l>e spaced not over G inches apart. 

HOLDING-DOWN BOLTS. 

All holding-down b(»lts for securing, the engines in the ship 
are to be fitted with locked nuts. 

MAN-HOLICS AND PLATRS. 

The man-holes in low-pressure cylinder covers are to be 20 

inches in diameter. The plates nre to be turned to loosely fit 

the holes, faced on the inner surface to fit the facing-strip on 

cover or hc^d, and to be finished on the outride. 
17 149 2 




vaIxVE-chebts and covers. 

The valve-cliests will have openings at each end for insert- 
ing and removing the valves, and will be closed by single-plate 
covers of cast-iron, well ribbed, finished on outside with laced 
flanges ;i^ inches wide and 1| inches thick. 

The iril>oar<l covers will w)Hlain the valve-steQistuffiiig-boxes; 
the outboard will serve as the vatve-stem guide. The pack- 
ing spaces will be fitted with metallic packing. The covers 
will l>e secured in place by 1-iuch Ijolts, spaced not over 6 
inches apart, and with finished wrought-iron luits. Snitable 
bosses will bo ca.st on the upper surface of steam -chests, 
directly over each steam-port, ibr the attachment of approved 



oil -cups. 



.VE unErs. 



The valve liners are to l>e made of cast-iron of the toughest 
quiilLty, combined with a suitable degree of hardness. They 
are to lie 5 iticli thick, accurately bored and turneil ; then 
fon-eil into spiils after the ports have been cut out 3J inches 
for H. P. and M. P., and ;J§ inches for L. P. The bridges in 
])orts arc to he ly\ inches wide. 

MAIN STKAM PIWTOS- VALVES. 

The piston-valve will tie made of composition, -^^ inch 
thick in the i>o.ly of the valve. 

E:ich end of all valves will he made steam-tight by two 
IKU-king-rings of (imposition, g incli squaiv in crass section, 
cut obliquely, and held in pl'K« by a composition follower and 
wrought-iron Iwlts. The ciistanee-pieces for sejwrating the 
(jacking-riiigs at each end of the valves will be madeofcomjw)- 
sition. 

MAIK VAI.VK-aTEMS. 

The valve-stems will be made of steel, '2^ inches diameter 
where they piss through the valves, and 3J inches diameter in 
the St tiffing- 1 loxes. 



THROTTLE-VALVES. 

The main steam-throttle for each high-pressure cylinder will 
consist of a disc-valve 15 J inches diameter of opening, opening 
with the pressure in the steam-pipe, and operated by suitable 
gear with hand-lever adjacent to hand-lever of steam reversing- 
gear. 

VALVE-GEAR. 

The valve-gear is to be of the radial type. The cut-oflFs of 
all cylinders are to be capable of being adjusted indej)endently 
of each other. 

The distribution of steam in backward gear must be such as- 
to permit the engines to be reversed quickly and to run astern 
at full power. 

The eccentrics are to be made of cast-iron or steel. Each 
eccentric is to be made in two parts, securely fastened together 
by two mild-steel bolts. They arc to be truly bored to fit 
the shaft and properly secured to the same. They are to 
be truly turned to a suitable eccentricity, and rece&sed at the 
sides to fit the flanges of the eccentric-straps. 

Each eccentric-strap is to be in two parts, of cast-steel, with 
white-metal linings. The two parts are to be firmly fastened 
together by two mild-steel boltvS with lock-nuts. The two parts 
of the strap are to be separated by suitable bnuss chipping- 
pieces. A prolongation of one part of each eccentric-strap will 
form the eccentric-lever. 

Each eccentric-lever will carry two mild-steel pins, one 
with a hardened steel thimble securely fastened. 

One of these pins to engage with the radius-link and the 
other with the valve-connecting-rod. 

The movement of each valve is to be regulated by a revers- 
iug-arm and a radins-link. 

Each reversing-arm is to be carried in bearings rising from 
the top of the corresponding crank-shaft bearing, with its main 
center line parallel to the axis of the crank-shaft, and in the 
same vertical plane. The revei*sing-arm with its journals to 



be of cast-steel. A forged-sU^I pin is to be aecured in the free 
end of the arm to engt^ with the radius-link. Eaoh radius- 
link is to engage at one end with tins pin and at the other 
with the lower pin on the eccentric- lever. 

Each valve-con necting-rwl will engage at one end with the 
corresponding pin in the eccentric- lever and at the other end 
with a pin in an ann on the valve-inoiion rock-shaft. 

The valve-motion rock-shafts are to be carried in beaiings 
bolted to the cylinder casings, ami are to have arms set atsuitable 
inclinations to each other by which the motion will be trans- 
mitted to the valve-stems by finks. 

The radi list-links, valve-omnecting-rods and valve-links 
are to be forged of mild-steel, finished ;dl over. 

All joint-pins are to be of" steel. 

All working bearings ai-e to be uf phosphor-brouKe or other 
composition. 

The reversing-arm bGarings are to be cast on the main pil- 
low-blocks. The valve-niolion rock-ahafts and arms and 
reversing-arms are to be of (.■ast-stecl. 

The radius-links are to be capable of adjustment so as to pre- 
serve a c-onsiant distance between centers when taking up lost 
motion. 

Fixed trammels are to Iw furnished, suitably protected from 
injnry, for setting the radius-link centers to their proper dis- 
tances. 

The valve-stems are to l>e marked and furnished with fixed 
trammels for setting the valves without removing the valve- 
ehet't Ixinnetij. 

A Ki>ai-e set of iMtarings is to be I'nrnii^hed for all adjustable 
joiuts. 

All parts oj the valve-gear are to be suitably marked for 
convcnicni* of putting tt^tiier pro|(erly when overhauling. 



Each engine will Iiave a ."team re versing- gear with the 
cylinder placed vcrlically. Each main engine is to have one 
hand-reversing lever, which is to be conveniently (ilaced to be 



9 

worke(4 from the working-platform. The reversing-lever 
sectors are to have adjustable stops to prevent the hand-levers 
being thrown beyond the full-ahead and astern positions. 

The reversing-engints are to exhaust into the respective 
condensers. 

STEAM-CfOVERXOR. 

There will be an efficient governor of an approved type, 
with all necessary connections fitted to the reversing-lever of 
each engine, so as to control the admission of steam to each 
cylinder for preventing racing in rough weather. 

CYLINDER RELIEF-VALVES. 

There will be an automatic relief- valve of not less than 3 
inches diameter, located at each end of each cylinder; these 
valves to be guided by loosely fitting wings. They will be 
kept on their seats by the pressure of steam in their respective 
receivers and by a light spiral spring. The design of this 
detail to be approved before its construction. 

CYLINDER DRAIN-VALVES. 

There will l)e fitted to each end of each cylinder, as low as 
possible, a drain-valve of approve<l design, with 1-incli opening. 
These valves to be made of composition and to be flanged and 
bolted to bosses on cylinder-cjisings or heads. They are to be 
arranged to work by hand-Jevers at working-platform if found 
necessary. 

PISTONS. 

The pistons will be made of steel, the thickness of metal to 
l)e 2^ inches at center and IJ inches at periphery; that around 
the eyes of the piston-rods to l)e 2J inches. Each piston will 
have one cast-iron wearing-shoe upon which it will rest. 
These shoes to be so fitted that they can be adjusted to take 
the wear. Tiie packing-rings are to be | inch thick, | inch 
M*ide, and will be adjusted by steel springs of proper tension. 
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PISTON-RODS. 



The piston-rocls are to he of steel, finislied 7i inches diameter, 
fitted and secured to the pistons by iron nuts. The piston-rods 
will be fitted into cross-heads and secured bv nuts. 

CYLINDER TIK-RODS. 

The tie-rods securing the cylinders to ])ill()\v-block frames 
will be made of st^el, turned to a diameter of 4 J inches. They 
will have T-heads forjred on each end. These rofls will be 
secured to the pillow-bhx^ks and to the cylinders by steel bolts 
2f inches diameter. 

PISTON-ROD STUFFING-BOXES. 

The piston-rod stuffing-boxes will be formed in the cylinder- 
heads, and will be fitte<l with cast-iron bushings and glands. 
They will be fitted with an approved metallic packing. 

CROSS-HEADS. 

The cross-heads are to be of steel, finished all over, and fitted 
witii cast-steel slippers, lined with white metal, 20 inches wide, 
24 inches long. The connecting-rod journals are to be 9 inches 
diameter and 10 inches long. 

ENGINE BED-FRAMKS AND CROSS- HEAD SIJDP^S. 

The engine bed-frames and cross-head slid(»s will be of cast- 
steel, well secured to cylinders at one end and to the l)ed-plates 
at the other. 

CONNECTIN(".-RODS. 

The connecting-rods are to be of steel, finished all over. 

They will be 86 indices long between contei*s, 7 inches 
diameter of neck at crank-pin end, and 6 inches diameter of 
nec^k at cross-head end. The crank-pin and cross-head boxes 
will be made of com])osition. The crank-pin boxes to be 
se<*ure(l to rod by two 4 J -inch steel bolts, and each (Toss-head 
box by two 3J-inch bolts; tlie nuts to be secured by proi)er 




8et-S(!reiv8. The Iwxesforcrfink-itinsaretobe 2J inches tliick 
and for crosp-hoads If inches thiek, aeciirately fitted to pins 
and rods. 

CRANK-SHAFTS. 

Tlieerank-sliaft foreadi :^et of engines will be made of steel, 
built-up with w>lid wel>s and couplings with cninks at equal 
angles, Tlic shaft-journals will be 141 inches diameferan<l have 
a totiil length of abont 12'2 inches. 

The crank-webs will be ^ and lOJ inches thick. The 
crank-pins will lie 15 inches diameter and 17 inches long. 

The couplings will be 3 J incheri thick and '2Si inches diam- 
eter. The after, middle, and forwanl crank-pins and shaft- 
journals will have holes axially through them respectively 7, 
8 and 9 inches diameter. 

All journals, when finished, will l>e testetl and their accuracy 
proved. 

CItANK-SHAFT BDXES AKD CAI-S, 

Boxes of" compo-ition will lie fitted to the main jiodestals. 
The ca))s ai-e to l)e of steel and both Ixixeij and a\\t!^ are to \>e 
made with R-cesses for white-metal linings. 

Each cap will have a hole Ihmiigh it of sufScient size to feel 
the journal. Eiicli cap to l>e secured by two 4-inch steel Iwlta, 
and \vith set-siTews to prevent nuts from working loose. 

Composition Iwxes to be hollow for water circulation, lioth 
shaft and crank-pin brasses will l)e scraped to aivurately fit 
their journals. 

BBD-ri,ATES AND PI I. LOW- BLOCKS. 

The bed-plates for pillow-bkicks will each be made of steel 
ill five castings, from which will spring the petieslals for crank- 
shaft bearings. The plates and |)edestals will be cast hollow, 
with walls I J and J inch thick, the metal around the bo.xes 
to Ix' 1 51 and 2 inches thick. The bottom flanges of l)ed-plateH 
will be IJi inches thick and M iiichi-s wide. 

SURFACE CO-VBEXSER-S. 

The condenser-chests are to be cylindrical in form, "built- 
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up'* of sheet-brass ^ inch thick, amply sustaiited by angle and* 
T-rings and composition flanges for the tube-plates. 

The. exhaust and discharge-nozzles, also the chambers for 
the circulating waters and the covers for the sarae^ are to be 
of composition as thin and light as practicable, combined with 
ample strength and stiffness. The diameter of the exhaust 
opening will be 30 inches, and of the discharge openings to 
air-pumps 16 inches. The injection and delivery openings 
for the circulating water will be 15 inches in diameter. All 
flanges to be not less than 2| inches wide. 

A 1-inch salt-water feed- valve will be attached tw each con- 
denser. 

Each chest will contain 3,440 seamless-drawn braes tubes,. 
I inch outside diameter, of No. 20 B. W. G. thickness, spaced 
^ of an inch between centers. 

The expOvSed condensing length of tubes to be 12 feet, 
having a total cooling surface of 6,750 square feet. The tubes 
are to be thoroughly tinned inside and out, previous to the last 
drawing. 

The tube-plates are to be of brass, |'inch thick, stayed to 
heads by eight 1-inch stays, Iwred or cored for the tubeSj and 
counter-bored J inch diameter and ^ inch deep,. the packing to 
be compressed by composition glands screwed into the plates, 
and to have device for preventing crawling of the tubes. 

The tubes will be suitably supported by an approved system 
of composition diaphragm and deflecting plates in each con- 
denser. 

Tlic condensei's will be located behind the engine-cylinders 
and well secured in the ship. 

Additionally, the condenser in the forward compartment 
will be fitteil with straight way- valves in its cylinder exhaust- 
pi[x), and discharge-pipe close to air-pump, for closing all 
coiumuniciition with the main engines when the condenser is 
used for auxiliary purposes. 

AUXILIARY KXHAUST-MAIN. 

The auxiliary exhaust-main, where it passes through the 
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Eacli clicst will liave a nozzle i)f 31 Indies diameter of 
0[K;ning iiinW the ^'jilvu lor lire-ptinip suction. 

('(iiiipn^itiiHi stniinors equivalent in areji to twii-e tlie area 
of valve will cover theopeiiini^s ilinmgli the ship. 

I il L(J E- 1 X JECT lOX . 

A eopiwr pipe of 12 inches internal iliiimeter will eonneet 
eaeli main injection-valve i-lit^st wiili tlie hilf^c in its enpne 
eoni|iartinent. Each pipe will have altaehe<l to it a i'lmiposi- 
tion non-return valve ol' 12 inches, iliatneter ofopeniuf;;. 

(lT:'lHOAKI>-DEI,iVKl;V VALVtSi. 

Tiie chests, lionnets, seals, viilvis, stems an<] glaml* ol' out- 
boiini-ih'liverv vnlves will lie orcouipiwitiim. 

The viilv(s :ire lo lie fittcti iis elieck-, f) open bv preS.snre 
from idsiile, lo cover o]K.'ninj|;s throuj^h j-eals lo incliL's diam- 
eter. Kiieli ilicst will liave a viilve oC ;JA inches diameter of 
OpHiiii;; outside tlie main valve for the bit;;;,, discharge from 
liitt-pumps, and one for llio discharge from main liilge-ptimjis. 
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diameter of opening in each lii-e-rooni, < 
and the other for Mca-siietion. 

The eliists are to be providetl with suitable no/.zles for (.■oii- 
nn-ting llieni with pijx's, K-.iding to boilers and pumiw. 

The i-hesl8, Imnnels, valve.*, scats, .atenis, glands and hand- 
wheels are to lie made of eom[Kisitiori. 

The siietioii.s an to have enmiK'sition strainers, with holes 
through them of an aggregate alia not less than twice tlic area 
of valve openings. 

FKKn AND .\rxn,IAI!Y-PUMlN. 

TheiT ai-e to (m- two vertical dnjilcx-pniiiiw of appix>ved de- 
.sign, located in each lii-e-rnum; each pnmp to have water- 
eylindei-s of r, inclii-s diameter and a pi.ion-stroke of 1 2 inches. 
One pnmp in eai-h jire-moni Id be connei-ted to feed-tanks, 
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bottotii of forwanl condenser, and boiler-checks only, and to 
have a screw check-valve on both suction and delivery-pipes 
close to tlie pump. The other ]>nn)p in eacli tire-room to he 
filled to draw J'roni fcctl-tank, sea, bilge and boilers; and to 
deliver water into any of tlie Ixiilers by a distinct set of feed- 
pi[)es and clin<k- valves independent of the main feed system, 
and, likewise, into the firc-niiiin and overboard. 

In addition, the fbrwani auxiliary puntp is to be fittetl with 
a suitable disc 'hai^e- pipe for flushing the Iieiid and for distill- 
ing |Uirjio.ies. It will dischai^ its water overl>t>ard tlirougU 
a sea-valve forward. 

KIKE AND imXir.-I'lMPS. 

There will l>o a vortimi steani-pnoi)! of ajtproved desieo 
placed ill each engine- mom. They will be fittt-d with the 
requisite valves and connectitms for use its bilge and fin^punips, 
and draw water from the sea t!u'i>ugh a valve or main injec- 
tiiin-chest or through bott<mi of sliip and from the bilge. 
They will deliver overlmanl tlucnjili valvcf on <>utl>oard-<le- 
livcry valve-chests, and into fire-main. 

Each pump will have a steam-cjlinderof 8 inches diameter, 
wafer-cylinder of 5 irclies diameter, and a .«troke of 1 2 inches. 

DIRTII.I.KU .\SD I'Ulir. 

The distilling ap|iaratus will be Itx-.ited on the iK'rth-deok 
where diii-tted, and will (."on^isi of one distiller of approvett 
design ca|Md»Ie of funiishing :1,('00 gallons "f jiotable water in 
24 iioni-s. Il will taki; its steam from the auxiliary Iwiler by 
an indejK-ndent stop-valve and i)ipe. 

The auxiliary (inrnp in fire-vooni will Im' used as a cirenlating- 
pump for the distiller. OiU' ind('{)etidoni pnraj) for distiller. 

'J'he circulating water, after |>assing through the distiller, will 
g(t ftirward through a pn)])cr cop|ier piiK' for use in Hushing 
the heads; a (-o[>|kt bye-paj»s ])ipe, litteil with suitable valves, 
will eiiiuicct the discharge of the |uiuip nseii t<) circulate 
waler through the disliller wilh tlie pi|>c leading forward 
to the liciul, for use when from any «m.-e the distiller is shut off. 




The iliatiller to be fittei.1 ivitli a filter and witli the (n|»e3 
iKi-csaarv liir rnniiiiig tlie distillwl water into the I'rosh-water 
taiik.-^. 

PUMl'-CVLI M>EK.-;. 

The waier-cvliiiders of all st*sim-jnim]»i will Im; niitdc of 
eoiii{M>:^itioi). 

Ail ]min|)^ will have screw check-valvfti in suction and de- 
li very -pi |m?s Hn.^ to (>uiD|)-ohamlici's, ami stop-valvtfi in Iwth 
stciiii and exhaust -pi jies. All Kn»:t ion-pi i)es leading to l)ilge, 
ex<'e|iting those from the eirciilating-pniaps, arc to be litted 
with Macomlj bil^'t-strainei-s. Tlie steam-evHiulers of all 
pumps, blowoi-s, and other auxtiiiiry niiiehinery will have tlioir 
exhaii.st-nozzli's connei^ted to an cxliaa'^t-niain, which will paiiS 
tluDiigli engine and lire-rooins. This main will he connected 
to hoth main cimdeiisers and to tlic second receivers of both en- 
gines, will aUu h;ive a distOiarge into the ntnio^jphcre, and will 
l>e furnished with the neiwisai-y valves for i;ovcrning the 
di.ection of the exhaust. Additionally, the main feed-pnmps 
will l>e supplied with menus of turning tiieir exhaust steam 
into their feed suction-pipes. 

WORK IXtt-PI.ATFOItMS. 

Working-platfonns of wrouglit-iron will bo sitnsitttl Ijclow 
the <rnter lA' shaft and on each siilc of the bulkhojul, l)otweeii 
the engines, convenient to which will l>e arningetl all the 
liandli>s, level's, aud connections for optiniting the engines, 
with the (itinit^Ts, revolntiou-indiejitors, chn^k-s, stesim and 
vacuum^Higiw in pluin view. 

Ladders will be iirovitlci as means of escape from engine- 
rooms when the water-tight <loors are ''Insetl, aud will l>e 
located ou the bulkhead soi>arating the Engine ciimpartinenti<. 

The onjcine-nmni stairway lor ordinary use will be accessible 
from the l>ertli-deek tlirun^rh a door in ongino-roora hatch bulk- 
head, and will have its laniling on the working- pi at form in the 
forwai-d engine eompaitmenl. A <h(or near this stairway will 



17 

commiittiratc with after engine compartment, and i^iiitable 
footways will t)0 arranged for access to the moving parts of 
tlie mmliinerv, fitted, wliere required, with hra-ss hatid-railH 
and tiiiislied wroiight-iron i-tantJiions. 

PEED-WATEIt TANKS. 

A feini-water tank will lie placed in forward engine-room. 
It will l>e made of wroiiglit-iron not over -^g inch in thiekness, 
and will have a niiiacity of aliont 500 galh)n»,and willltefitlwl 
as a niter au<l be i)rovided with a vapor-[»i}ie, a final-valve for 
preventing aeet-fis of air to leed-]innip, an overflow-pipe and 
a ghiss gauge. 

A >^n|iply-pi|«; will lead fmni this tank to the main feol- 
piimi)!< in tiri'-rooms. 

I.ISK-SHAI-TIXO. 

The line and thrust -shafting of Ixith engines will 1m; made 
of Hteel, 13? inches diameter, wit li a 6-ineh hole a.\ially through 
it, and will lie sujiported hy spring Iwarings where neeessaiy. 
The Ihnist-shafis will have eleven raised collars IJ inches 
thick, IH incliL-s outside diameter, and I; inches 3i»ace between 
them. 

I'ltOPEIJ.ER SHAtTIXfi. 

The i)ropeller-pliaft of each cnfiine will be made ()f f 
two lengths. The lorward Jengtii will be HHnches. 
liianictcr, with S-iiieb hole axially through 'it. Tin 
lengtii will Iw 10 indies outside diameter with O-im 
axially thronjih it. The hole will be reduce! at pi'opel 
to correspond with diiuneters. The forward length t 
ca!?ed wiili bra.'* in stern-pipe. The after length v 
covered at Ix'aring only. Sleeves at bearings ; inch 
remainder }. huh thick. 

SCREW-l'KOI'KI-I.BRS. 

The proiK'Hei-s are to l>e mailc of mangancse-bronzo 
14.1 feet diameter; to have adjustable bla<les of suel 
and pit<'h as may be re(|uireil, and to turn outward in li 
motion. 



Ill 



iteel 
mtside 
- after 
-h hole 
Icr end 
vMl be 
v\l\ I>e 



, al>out 
1 form 
)rward 



18 

OUTSIDE AND .STERN-PIPE BEARINGS. 

The stem-pipes and outside bearings will have composition 
bushings fitted with lignunivitfe staves, with the proper flanges 
for securing them in ])osition. 

The bearings in stuffing-boxes to l>e about 24 inches long, 
the outer ones about 32 inches and those in hangers alx)ut 48 
inches. 

All lignum vita> is to lx?ar on end of grain. 

STERN-PIPE STUFFING-BOXES. 

The stuffing-boxes are to be made of (X)mposition, with a 
packing space 1 inch wide and 6 inches deep, fitted with fol- 
lowers made in two parts with a space of 1 i inches between 
them, and pro{)erly secured in place by Tobin's-metal ix)lts. 

THRUST-BLOCKS AND BEARINGS. 

The thrust-blocks and caps are to be of cast-iron, lined with 
white metal, and made for a circulation of water through 
thera. They will be provided with stuffing-boxes and glands 
at both ends for retaining the oil. 

The caps are to be made with lugs locking into the blocks, 
and will have ample oil and grease-cups with hinged covers. 

Each cap will be well secured in place by four wrought-iron 
bolts 1 J inches diameter. 

The blocks will rest on sole-plates riveted to the foundations 
built in the ship, to which they will be secured by twelve 
bolts 1 J inches diameter, and fitteil with keys so that they can 
be accurately adjusted to line in any direction. 

SPRING-BEA RINGS. 

Spring-l>earings are lo be at least 18 inches long. 

TURNING-GEAR. 

A suitable steam -gear is to be providcnl for turning the 
main engines. 
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WATER-PIPES. 

Seamless brass water-pipes 2 inches diameter are to be fitted, 
with the neeessary valves in each engine-room. The water 
to he supplie<l from a pump. 

Tliey will have two branches of not less than 1} inches 
diameter to each main and crank-pin bearing, one branch of 1 
inch diameter to each eccentric, and two branches 1^ inches 
diameter to each thrust-bearing. 

Also two of 5 inch diameter, screwed into each crank-shaft 
pillow-block, with lioles leading down through brasses to tops 
of journals, and one of J inch diamet(»r screwed into each 
cross-head slide. 

All bnuich water-pipes will be fitted with cocks or valves 
for regulating the supply of water to l)earings. 

JOURNAL-BOXES. 

All journals or moving parts of iron or stei'l are to run in 
boxes either of composition or of cast-iron or steel lined with 
white-metal. 

The crank-pin and crank-shaft boxes are to be lined with 
Parson's white- metal. 

INDICATOR FITTINGS AND MOTIONS. 

Indicator connections for each end of each steam -cylinder 
are to l)e fitted, as near as possible, to the bores of their cylin- 
ders, and so located as to he easilv accessible. 

The indicator-motions are to be so designe<l as to give the 
indicator-barrels motions coincident with those of the pistons, 
and of sufficient throw to give a diagram of 4 inches length. 

REVOLUTION-INDICATORS. 

Kevolution-indicators, showing on suitiible dials the speed 
and direction of the engines, are to be [)laced in each engine- 
room, and suitable dials for showing in which direction the 
engines are turning are to l)e placed in such part of the ship, 
on deck, as may Ix* recjuired. 
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oiL-crrs. 

Each craiik-pin will he lilted with a telescopic or wiping 
arrangement, to be of approved design. All crank-shal't 
[hearings will have ample oil-cups with hinged covers, tube 
and wick -holders, and so arranged that the amount of oil 
passing down each tube to the journals can be seen and reg- 
ulated. Wipei's carried by the upper ends of the e(.*centri(*- 
Icvei'S are to furnish oil for lubricating the eccentrics and all 
connections of the e<'centric-lev(Ms. These wipers to take oil 
from strips of webbing or other approved device, supplied by 
oil-cups suitid)ly supported and capable of adjustment so as to 
feiHl oil in all positit)ns of the valvt-gcar, and also so arranged 
as to make the supply of oil to tlie various parts independently 
adjustable. 

All other joints or moving [>arts not otherwise referred to, 
and especially the cn^ss-head slides and the valve connections, 
are to have tinislied brass automatic oiling-gear of ai)proved 
design, capable of supplying sutticient lubrication while the 
engines are in operation without waste of oil. 

All oil-cups to be such as can be easily filled while the engines 
are running at maxinnnn speed, and to have an oil caj)acity for 
at least lour hours running. 

All fixed bearings t(» have drip-cups cast on where possible, 
otherwise to be made of cast-brass and properly fitted. 

x\ll such cups to have drain-pipes and cocks of at least 1 inch 
diameter, which can be useil while the engines are in operation. 

All moving bearings are to have drip-cups or pans of sheet- 
bra.' s where nei;essiU'v. 

HOr.ES TIIUOUOH SHIP. 

All hohs through the ship are to be covereil by cocks or 
valves on the inside, and U> be fitted with zinc protecting-rings 
if required. 

rUMP CONNKCrriONS to fiiik-main. 

The tircan<l auxiliary feo<l-pumps will each have a discharge- 
pi|»e, with -liiiight-way >top-valvc, comiccting it with the lire- 
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main running fore and aft, and a branch from each discharge- 
pipe near the pump will be fitted with standard hose-connec- 
tions and straight way- valve. 

EYE-BOLTS. 

Wrought-iron eye-bolts and traveler-bars are to l>e properly 
locaterl and secureii wherever required for lifting different parts 
of machinery, and particularly the covers of cylindero and 
valve-chests, the covei*s of air and circuhuing-pum|)s and their 
valve-chests, the condenser-bonnets, the connecting-rods, the 
ca|)s of pillow-blocks of crank-shaft and line-shaft journals 
and of thrust-be^irings. 

SECURING ENGTXE*^ IN SHIP. 

The engines will be odjuste<l and lined upon the engine- 
keelsons, and when accurat<'ly in line the spnces around hold- 
ing-down b<)lts between sole-plates and keelsons will Ihj filled 
by accurately fitting wrought-iron witshers, upon which the 
holding-down lx)lts will be set up and IcK'ked in place. 

DKAIN-PIPF> AM) TUAP.S. 

All re(;eptacles where condenscMl steam is likely to accumu- 
late will be providiMl with drain-pipes and cocks of nmple 
capacity leading to automatic traps ffitt(^ with bye-pass pipes 
and valves), which will <lischarge into feed-tanks. 

The drain-pi|)es from safety-valves are to be connected at 
least h inch below the level of valve-seats. 



BOILERS AND ATTACHMENTS. 

There are to be four double-end(d horizontiil return tubular 
boilers, constructed! of o|)en-hearth steel. The Injilers are to 
carry a working pn^ssnre of IGO pounds by gauge. 

All plates are to l)e plane<l on their edges, and thoroughly 
(«lked inside and out wherever accessible. Butt-jointed seams 
are to l>e covered with straps, and all rivet-holes are to be 

17140 { 
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drilled to full size. Each boiler is to be 14 feet mean diameter 
outside, and about 20 feet long, and to have eight furnaces 36 
inches least internal diameter. 

(iUATE-SURFACP:. 

Total grate-surface in four boilers 624 square feet. 

GRATE-nARS. 

The grate-bars to b<' of wrought-iron, in two lengths, or 
approved pattern. The furnace- fronts, bridge- walls, and 
Waiters to be proj^erly fitted to support the bars. 

TUHEJS. 

Kach boiler is to contain about nine hundred and sixtv-four 
lap-wcMcd wrouglit-iron tul)es. f^very third tube, vertically 
and hori/.ontallv, is to be a stav-tube, and will be No. 8 B. W. 
G. thick and 2] inches external diameter. The other tubes 
will i)e No. 12 J>. W. G. in thickness, 2| inches external 
diameter. 

The stav-tnbes to be screwed into both heads, the ends at 
front heads to be swelled. They will be ex|);mtied into both 
heads and bcad<'d over at combustion-rluunber ends. This 
metlxHi of setting is subject to change if so directed. 

n()ILKH-SHELI>5. 

The shells arc to be of plates H inches tin'ck, the longi- 
tudinal joints to l)e d()ublc-st nipped and double-riveted each 
side of scams. The circular joints to be lap-jointed and double 
riveted. 

TrBE-SHKE'rs. 

The tube-sheets are to be ^\- inch in thickness, and are to 
be accunitelv drilled for the tubes. 

nOIT.ER-IlEAns AND 1JRACF>>. 

The Upper portion (►f the heads are to be ; inch thick and 
the lower portion -^\ inch thick. The upjKr portions of heads 
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will be braced by three rows of steel stays 2J inches diameter 
in the body, 1 7 inches between centers horizontally, and 1 3 
inches vertically. Jaw-braces to be of iron. The tops of 
combustionH^iarabers to be stayed to shell by l|-inch iron 
braces with crowfeet on top of the charal)ers, placed 6 J inches 
apart in length of boiler and 13 inches in the diameter. All 
steel braces to be without welds in length or eyes. The 
through braces will be made with nuts on b()th sides of boiler- 
heads, having raised threads on end.s. 

FURNACh>>. 

The furnaces are to Ije of the l)est steel, weldeil at joints^ 
and corrugated. They are to be 36 inches diameter at the 
inside of corrugation, 1 inch thick, and are to be single- 
riveted at their junction with front heads and combustion- 
chambers. Ash-pans of J-inch wrought-iron will be fitted 
in all furnace-rtues reaching from front to bridge-wall. 

HRlDGE-WATJi^. 

A bridge-wall of approveil pattern will l)e fitted in each 
furnace. The upper part will l)c finished with fire-brick. 
The bridge- walls to be easily removable. 

COMJiUSTJOX-CIIAMBEItS. 

The combustion-chaml>ei*s are to be about 54 inches deep; 
the sides, tops, ends, furnacHi-plates and tul)e-sheets to l>e ^V 
inch thick. The sidi^s to be staved bv steel screw stav-bolts 
\\ inch diameter, spaced not over 6 J inches from center to 
center. 

SMOKE-BOXRS AND UPTAKES. 

The smoke-boxes and uptakes are to be made with single 
sh(Jl, c»overcd with an approved non-conducting substance and 
prote<*ted by an outside shell. The inner shell to be secured 
to boilers by 21-inch angle-irons; angle-iron?? elsewhere to l>e 
2 inches. Hoth shells to l>e made of iron ^V inch and J inch 
thick, respectively. 
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The connection doors are to l)c made of wrought-iron with 
double shells, and fitted with hinges and catches of wrought 
or malleable iron. The outside shell is to \h} ^\ inch thick, 
and the lining J inch thick. 

Vi: RX ACK-FR( )NTS. 

The furnace-fronts are to l>e of wrought-iron J inch thick, 
with ^•ast-iron |>erf(>rateil liners. 

FURNA('K-I)0()IiS. 

The furnace-doors are to be of wrought-iron | inch thick, 
with (»ast-iron pcrforatcnl liners. 

ASH-PIT D(K)ns. 

The ash-pit doors are to be of wrought-iron J, inch thick, 
flanged 1 inch <lcep, and fitted to place so as to thoroughly 
close the ash-pits, and to fit lugs on i)ulkhead when not in use. 

SADDLES. 

E;i(?h i)oilcr is to rest on thrw saddles whi<'h are to be built 
in and form part oi' hull. The boilei's arc to be scMUire*! by 
-double anirle-irons riwtc<l to saddl(»s and bolttnl to iM)ilcrs. 



SMOKK-PIPKS. 

There arc to be two snioke-pi|>cs ^50 fiKit in total height 
aiM>v(» tln' upfHT grates. They are to be 6 feet 9 inrhes in 
diameter, made ()f wrought-iron plates; the lower course to l)e 
No. 7 B. W. (r. tliiekness, the upper ones No. 8. The pijw 
is to be stitlened by flat bands on the inside, at top and l)ot- 
tom,and bv a band \ inches wide an<l I inch thick on outside 
at toj). The pij>e will l)e inclo.s(»d its entire length by a jacket, 
h'aving an annular spare of at least .'> inr'.jcs. The ja<*ket to 
be of wrought-iron, No. l.*> li. W. G. thick, and to be covered 
by a hood with suflieient space for the eseaj)e of hot air. The 
pi|)e and jacket are to Ik» made with strap|>e(l butt-joints. The 
smoke-box and breeching will be incloseil by a jacket mjvle of 
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No. 16 iron. The pij)ewill be provided with stays, eyi»s and 
shackles, and will be supported in such a manner as to relieve 
the uptakes of its weight. A pivoted damixjr will be fitted 
in each smoke- pipe. 

DRY-PIPES. 

Each boiler is to have a properly perforated tinned-brass 
dry-pij>e of re<luced diameter at the internal end, but of same 
diameter at front end as the steam-pipe with which it is con- 
nected. It is to be placed as high as jK)ssible, and extend 
nearly the length of the boiler. 

Its up|)er surfacje is to be pierceil with holes JJ inch in diam- 
eter, spaced equidistant, their aggregate area to be twice that 
of the cross-section of the pipe. 

BOILER CLOTHING. 

After the boilers are in place in the vessel and have been 
testcid under <team, their shells and fronts are to be covered 
with approved material, which will be protected by a galvan- 
ized-iron covering, the joints of which will be lap|)ed and 
l)olted. 

SAFETY-VALVES. 

Each boiler is to have two automatic spring safety-valves 
6 inches in diameter, adaptcnl to a maximum pressure of IGOi 
pounds per gauge, and fitted with proper levers and approved 
mechanism for working them from the fire-rooms. The chests, 
valves and stems are to l)e of composition, and seats of nickel 
or its equivalent. 

The chests are to be l)olted to stop-valve chamlx*rs, if 
possible, and conne<'ted by copj)er pi|)es to the escaj)e-pij)es, 
which will also bi» of (X)p|)er. The seats of all safety-valves 
will be at least J inch above the bottom of their chests. 

SENTINEL-VALVES. 

There is to be a sentinel- valve of \ square inch area attached 
to the front of each boiler, fitted with movable weight and 
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notched lever, and weighted to elose tightly against a boiler 
pres^^ure of 175 pounds per square inch. 

STEAM-WIIISTLE. 

A composition steam -whistle, the bell of 8 inches diameter, 
is to l>e placed forward of tlic forward smoke-pipe, well above 
the level of the dcck-awning, and connci^ted with the main 
steam-pipe by a copper pipe having at its lower end a valve 
of appropriate kind and size, and a working-valve at upper end. 

WATKR-GAUCES. 

Each lK>iler is to liave two composition water-gauges carry- 
ing glasses 16 inches in exposed length, and with outside pipe- 
connections to top and bottom of boiler, the lK)ttom of glass 
being 1 inch below the highest heating surface. The water- 
level to be marked on brass plate on outside of boiler. 

There shall also be four crauge-C(K»ks on each end of boiler, 
placed 4 inches apart, the lowest cock to be placed 4 inches 
below the hi<«:hest heiUing surfacx} (»f the boiler. The cocks 
will be supplied with drip-pans and drain-pipes. 

SALTNOMETEU-POTS. 



There is to be a salinometer-pot of approved pattern for each 
l)oiler, fitted in an accessible position and suitably connectxKl. 

AUXTLIAliY HOIT.EU. 

There is to be one cylindrical iiorizontal return-tubular 
boiler for auxiliary pur|K)ses in after tire-room. It will be 
made of open-hearth steel for a working pressure of 160 pounds 
by gjuige. The dimensions will be a.> follows: 8 feet 6 inches 
diameter, 8 feet 3 inches long, with two c'orrugated furnaces 
2 feet 8 inches inside diameter, and T) feet 10 i inches lonjr and 
y,. inch thick. Shell -plates in one length \l^ inch thiek, with 
double-riveted double butt-straps. The end plat(*s above tubes 
to be 'I inch thiek and properly stay ihI. Remainder of plates 
Y^,. inch thiek. There will be 88 tubes 3 inches outside diam- 
eter. Smoke-boxes and uptakes to be similar to main boilers 
and smoke-pipe, to be carried into after main smoke-pipe. 
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TESTS. 

Before being placed in tlie vessel all the boilers are to be 
tested under a pressure of 240 pounds by gauge, — this press- 
ure to be obtained by the application of heat to water within 
the boilers, which are to be filled quite full. After a satisfac- 
tory test the boi lei's are to be painted on outside with two coats 
of brown zinc paint. Tests for cylinders will be for 11. P. 
175, I. P. 80, and L. P. 30 poun<ls. For condenser 30, tanks 
15 and pumps 250 pounds. 

AUXILIARY STEAM-PIPES AND VALVES. 

Each boiler stop-valve chamber will have an auxiliary stop- 
valve 5 inches diameter, boltcKl to the nozzle on its side and 
under the main valve. These valves are to l)e cx)nne<!te<l by an 
auxiliary steam-pip<* of 5 inclu^ internal diameter, with suit- 
able branches leading to the pumps, heaters, distiller and aux- 
iliarv entjines. 

A branch pipe with stop- valve will connect main and 
auxiliary steam-pipes in each engine-room. 

A steam-gau ^e in brass c<ise, with 4i-inch dial, will be at- 
tached to the auxiliary steam-pipe in each engine-room and 
each fire- room. 

BLEEDER. 

There is to be a coppiT pijHi, with stop- valve at each end, 
5 inches in diameter, leading from the main steam-pipe to each 
condenser. One valve in each engine-room to be worked 
from working-platform. 

CHECK-VALVES. 

Each boiler is to have two feed check-valves, 21 inches in 
diameter, having outside screw-threads on their stems; cham- 
bers, valves and stems t^) l)e made of composition. 

All check-valves to have internal pipes. 

BLOW-VALVfiS. 

Each boiler is to have a bottom blow- valve of composition 



21 inches in diameter; also a surface blow-valve 1 1 inolics in 
diameter. These valves are to be connected by suitable pipes 
to the ficii-valves. 

The bottom blow-vnlves are to have internal pipes loading 
toward the bottoms of l)oilers, the surface blow-valves to have 
pipes leadinj; to the centers of boilers, with ojienings about I 
inch alwve the highest heating surfate, 

FEED ASD mX)W-PIPEy. 

The main feed-pipes are to be made of copper tul>es, 2J 
inches in internal diameter, and in sections not exceeding 12 
feet in length, The biow-pipcs to be 'Ik inches in diameter. 
The branches to be of («ppcr. All nozzles and flanges are to be 
of composition. The several sections are to be ex|xinde<l into 
flanges, then turned over and brazed. All flanges to be united 
by forged lH>1ts and nut« of Tobin's metal. Suitable provia- 
iiiiis will be made for the expansion of these pijies. 

nntl^EK STOI'-VAI.VEW. 

Tliesto]>-valvcswill be non-fL'turn valves. Each boiler is to 
have a cc>inp«sitinn slop-valve ehamlier. The valve to be II 
inches in diameter, filled with a screw-stem of composition, 
made to turn iiuU'|H:ndently of the valve and to work in a 
compiwilion iint sup|>oMe<l by wronglil-iron studs screwed into 
the cover. The valve is to be o|H.rated by a c<>m]Kisition 
hand-wliccl 16 inches in diameter. Sci«irate pn>visi()n is to 
lie made for working all l)oiier stop-valves from above the 
protective-deck. 

MAIN STK-\M-l')Ph>'. 

The .sleain-pij)es at slop-valves are to bi; 1 1 inches in internal 
diameter. The forward pair of lM)ilers will l>e connected by a 
si'iHirate 1.5J-incli pipe to forwant engines, the after pair by 
a 15.l-incli pi[x.' to after engines, these two piires to be con- 
nected by a 15A-inch pipe. These pi|>eB are to be of copper, 
the several swtioiis t" U' niiited to each other and to the sepa- 
ratori and valve-i-hiimliei's by eomiKisititm flanges of suitable 
^ize and thickness, riveted im anti pni|H:rly l>razc<l. Where 
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FLOOR-PLATES. 



The fire and engine-rooms and their passages are to be' 
floored with wrought-iron plates liaving corrugations on the 
upper surface and proper ledges and drain -holes. They are 
to be of wrought-iron not less than J inch thick, and all easily 
removable. 

BLOWERS. 

The fire-rooms are to be supplied with air by means of 
blowers, two to each fire-room. Each blower is to be driven 
by it8 own engines direct, and to be capable of supplying, with 
ease and certainty, sufficient air for efficient forced draught. 

Each fire-room ventilator is to be so fitted that it can be 
easily closed from fire-room in case its blower is stopped. 

VENTILATORS. 



Two ventilators, each 24 inches in diameter, arc to be fittecT 
in each fire-room. Thev are to deliver air to the inlet of the 
blowt^rs placed under them. Thev are to hav(» movable hoods, 
and will l)e made of iron J inch thick. The gears for turning 
the hoods will be of composition. 

Four ventilators, 18 inches diameter, are to be fitted — two 
to each engine-room; tiny will lead down the engine-room 
hatches or as direc'ted; their cowls will Ixi worked from the 
engine-rooms. All ventilator-cowls will be made of copper 
No. 12 B. VV. G., unplanished. 

ASH-noi8'i>5. 

Th(Tc will l>e an ash-hoist arrangcM.1 in ventilators for each 
fire-room, and a means for closing them when an air-prc»ssure 
is recjuired in the fire-room. 

There will Ijean ai)prov(.Hl ash-hoisting engine for each fire- 
room, to hoist 150 pounds from fire-room floor to deck in five 
seconds with 60 pounds steam-pressure. They will l)e fitted 
with all nec'cssary connections, including whip, and with a 
suitable brake to control the drum. 

From each ash-hoist, on the ui)per deck, permanent over- 
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head rails, suitably supj)orUHl, will lead to the nearest ash- 
chute on each side of ship. Each of these will be fitted with 
a traveler of approved design, with all necessary appliances 
for carrying the ash-buckets. At the top of each ash-chute 
a dumping-hopper will be fitt(Ml, so arranged as to fold up out 
of the way when not in use. The ash-buckets are t^) be bal- 
anced dump-buckets, with gear complete. All of the ash- 
hoisting and dumpinii: gear is to be such that the buckets will 
not have to be lifted by hand. A speaking-tube will lead from 
the top of each ash-hoist to lire-room. 

A IK-TIGHT FIRK-KOOMS. 

Supplementary bulkheads and ceilings of light galvanized 
iron are to be fitted in the fire- rooms for the purpose of re- 
ducing the cjipacity of the s|)ace to be put under air-pressure. 
The ceiling is to be made movable benejith hatches. The ver- 
tical portion to be provided with openings where passage-ways 
are required, with suitable means f()r dosing them. 

All |XTinanent and tern jiorary joints and seams to l)e made 
j>erfectly air-tight. 

HYDROKINETER. 

There will be connected to each boiler a Wier's hydrokin- 
eter, or other approved appliance for circulating water in the 
boiler while raising steam, proper connections being made to 
auxiliary steam-pipe. 

TESTS OY MATERIAL. 

All material used in the constru<*tioii of the l)oilei*s, crank- 
shafts, line, thrust and propeller-shafting, will l)e tested in ac- 
cordance with the *^ Instructions to Inspec^tors," a copy of 
which is appendc<l to these specifications. 

DUPLICATE PIECE<^. 

All duplicate pieces are to be finished and fitted ready for 
use. Thev are to be Jis follows, viz: 

One set of valves and springs for each steam-pum]>. 

One set, with guards and bolts complete, for receiving- 
valves, and one for deli very- valves v^i! ^vc-\.\\\\v^. 
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One-half set of follower-bolts and nuts for each steam- 
piston, and one-half set for each air-pump piston. 

One set of brasses for each crank-shaft journal of each engine. 

One set of brasses for each crank-pin. 

One set of brasses for a cross-head journal. 

One slipper for a cross- head. 

One set of brasses for each adjustable connection of each 
valve-gear. 

Three extra blades will be furnisheil for each screw-pro- 
peller, to \ye of such dimensions as may \ye required. 

Two hundre<l condenser-tulies packed in boxes. 

Fifty stay-tubes, threaded to fit threads in tul)e-sheets, and 
100 plain lx)iler-tul>es, annealed. The ends of stay-tubes to 
be wrapped in canvjis. All boiler-tubes to be securely stowed 
in racks., or as directed. 

One spare basket for each Macomb's strainer. 

One-eighth of a set of grate-bars. 

One complete set of brasses for each circulating-pump en- 
gine, ciU'h air-pump engine and each blowing engine. 

One man and hand-hole plate of each size. 

Fifty condenser tube-glands. 

All duplicate pieces not of brass to be |>ainted with three 
coats of white lead and oil, and well lashed intfirred canvas, 
with name marked in black paint on the outside. 

Brass piec*es to be marked or stamped. 

OIL-TANKS, CANS, ETC. 

Four oil-tanks of inm J of an inch thick, with an aggre- 
gate capacity of 1,000 gallons, are to be well secured in oil 
store-room with facilities for fillinjj them from deck. The 
tanks arc to be strengthened by internal stays, if directed. 
Each tiink will have a man-hole near the top closed by a 
plate, and will be fitted with a locked cock for drawing oil. 

Four cop|)er oil-tanks of 20 gallons capacity each, with lids 
and drip-pans, to be j)lace<l permanently in the engine-rooms 
in convenient positions, and to have a lockeil brass cock on eac^h. 

A copper oil-tank of 5 gallons capacity, with (lri\>-^an^ will 
be fitted in each fire-room. 
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An iron tallow-tank of 100 pounds capacity, with hinged 
clover, will be fitted in one engine-room. 

INSTRUMENTS, rCX)I-S, KTC. 

Twelve indicators of standard size and approved pattern, 
with proper attachments of finished brass, are to be furnished 
ready fitteil ; each indicator will he fitted with three springs 
graduated respe(^tively to a scale of 80, 40 and 16 pounds to 
the inch, and with an extra cix^k attachment. A separate 
indicator stand-pipe is to Iw connected to each end of each 
main cylinder by a pipe of one inch diameter, having a c(K^k of 
ecjual area of opening. 

Two sets of instruments, with proper attachments, each in- 
strument in its own case, which will be ofbniss, as follows, viz: 

Two Lane's improve<l spring steam-gauges, 6-inch face. 

One Lane's improved spring com pound -gauge, 6-iuch face. 

One Lane's improvcnl s])ring vacuum-gauge, 6-inch face. 

One continuous counter, with positive motion, to register 
from 1 to 1,000,000. 

One eight-ilay clock with second-hand. 

One mercurial vacuum-gauge attached immediately to con- 
denser. 

The above list to be (!onsi<lered as one set. 

There will be four Lane's improved spring-gauges, one for 
each boiler, with 8J-inch fa(?c, and graduated to 320 ])ounds. 

Each gauge will be pro|)erly secured in the fire-room and 
have an independttnt connection to its boiler. 

Eight thermometers, one for each hot-well or feed-tank, one 
in eacli out board -deli very pipe, one for each injection and one 
for each steam-pipe close to the engines, to l>e made |)ermanent 
fixturt^s, with their stems and bulbs prote<*ted by brass covers; 
also two spare steam-thermometers, two spare water-themome- 
ters and one standardized thermometer in suitable case. 

An engine-n^om telegraph of approved design, with reply- 
gongs and any number of dials that may l)e requinn.!, to be 
suppliwl and fitted for each pair of engines. Telegraphs of 
approval pattern are to l)e fitted to put engine-rcMmis and fire- 
rooms in communication. 
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A gauge of approved pattern will be fitted in each fire-room 
to show the excc^4s of air-pressure over the pressure of the open 
atmosphere. A portable air-pressure gauge will also l)e sup- 
plied to each fire-room, with connections for attaching it to the 
furnaces, uptakes, and where directed, to measure the pressure 
as compared with the air-pressure in thii fire-room. All of 
those gauges to indicate pressure in " inches of water." 

A s<?t of wrenches, fitting all nuts in fire-rooms, is to be sup- 
plied to each fire-room and plac'ed in iron racks. 

Fixed trammels or gauges are to bo supplied for lining up 
crank-shafts horizontally and vertically, marks for this pur- 
pose being made on bntss plates let into pillow-block frames. 

Two complete sets of fire-irons for each fire-room, with suit- 
able racks for stowing. 

I-i{izy-l)ars for each boiler to be fitted in plac*e. 

One set of wrenclu^ complete for each engine, to he fitted to 
all the nuts, finishetl and marked with size, and placed in iron 
racks. Wrenches for all nuts of l)olts two inches in diameter 
and over to Ix? box- wrenches, whore such can Ixj used. 

One j)air of tiips, one rod, for tapping front and back tube- 
sheets at one operation. This to Ix; a duplicate of the tiK)I used 
in originally tapping the sheets, and to Ik? pack(Kl so as to he 
perf(H"tly protectee! from injury. 

A stean) tul)e-clejincr of approved design with fittinjrs and 
connections c()mj)lete. To lye fitted with a woodon handle and 
stowed in a convenient rack in fire-r(K>m. A spare nozzle and 
flexible steain-|)ipe to l)e furnished. 

Six ash-bu<'ket8. 

Eight coal-buckets. 

SCHEDULE OF THICKNESS OF COlM»ER AND BRASS 

PIPRS, B. W. O. 



Main and branch steam-pi |h*s 
Air-pump discharge 



Diain. 


No. 


fir, I", 





11", 


3 


5", 


8 


- 3", 


11 


^ • 


>J> 
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No. 

Circulating suction and diseliarge - - - 8 

Bilge-suction and delivery, large pump - - - 12 

Blow-pipes ---- - _ -10 

Main exhaust -------7 

Main and auxiliary feed-delivery - - - - 12 

Main and auxiliary feed-suction - - - - 14 

Waste-steam pijxis and auxiliary exhausts - - 16 

Dry-pipes ----- - - -14 

All l)euds are to l)e made oue gauge thicker than straight 
part of pipe. 

Expansion-joints or bends are to be fitted to pipes wherever 
required. 

AUXILIARY EXHAUST TO ESCAPE-PIPES. 

Where the auxiliary exhaust-main is connected to the 
escai>e-pi[)es it will have two stop-valves, close together, for 
each connection. 

ASH-SPIUN KLERK. 

There will be on athwartship bulkheads of fire-rooms, oppo- 
site each boiler, and about four feet from floor, a brass nozzle 
with universal joint, with valve and sea connections for wet- 
ting ashes. This to be of approved design and to be secured 
alongside bulkhead when not in use. 

MANDREIi^ FOR WHITE-METAL BEARINGS. 

Cast-iron mandrels are to be furnished for forming the lin- 
ings of all l)earings lined with white-metal. All these to be 
smoothly and accurately turned, and to be packed so as to be 
perfectly i>rotected. 

RADIATORS. 

Steam-radiators of about 600 feet su|)erficial area for the 
several parts of the ship will be provideil. 

Each radiator will be divided into as many separate and 
distinct parts as may be directed; each part to have its own 
steam and drain- valve. The steam and drain-pipes are to be 
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seamlesB-drawD brass^ of iron-pii>e size, suitably connected by 
composition elbows, tees, and unions in a manner that will 
enable them to be easily taken down for repairs. 

There will be reducing- valves in these pipes at the boiler 
connections to regulate the pressure, and the drains will lead 
to such water-collectors as may be designated, or where pre- 
ferred, overboard. 

MATERIALS AND WORKMANSHIP. 

All materials used in the construction of the machinery 
are to be of the best quality. The iron castings to be of the 
best pig-iron (not scrap). The brass castings to be made of 
new materials of best quality. Where Tobin'^s metal is speci- 
fied, the composition to be 58.22 parts coi)per, 39.48 parts 
zinc, 2.30 parts tin. For all other brass-work, the composi- 
tion to be 88 parts copper, 10 parts tin, and 2 parts zinc. All 
iron atsting to be smooth, and true to form, and before being 
painted to be well cleansed of sand and scale, and all fins and 
roughness removed. 

All boiler-plates to be thoroughly cleanse<l of oxide-of-iron 
scale. J^niss castings to be sound, smooth and true. No 
imperfwt casting or unsound forging will l>e used, if the 
imperfci'tion affects the strength or, to a marked degree, its 
sightliness. 

All flanged l>()ilor-|)latt»s are to be annealed in an approved 
manner after flanging. 

The steam-cylinders of all auxiliary engines are to be clothe*.! 
and lagg(Hl the same as main cylinders. 

All (HX'ks are to have engraved brass plates to show their use 
and whether oi)en or shut. All valve-wheels will l>e of com- 
position, and will be plainly engraved to show their use, as will 
alsoall working levers and nil gcarfor working valves from deck. 

All steam, exhaust and other pipes leading to and from 
steering and other engines, distil lei's, and jnmips are to be of 
sufficient size for their respective objects, and to have pro- 
vision for expansion where (lire<^ted. 
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All cop|)er pipes not seam less-cl raw n are to be brazed, and 
all coi)}>er pipes are to be expaiideil into composition flanges, 
turne<l over and brazed. 

All pipes passing through coal -bunkers will be cased in. 

All pipes, not otherwise spcjcitied, to be of copper, and all 
pipes beneath floor-plates to l)e connei^ted by forged bolts and 
nutsof Tol)in's metal. All nuts on rough castings to fit fa<'ings. 
All pij)es beneath floor-phites to be covered as di recited, and (^re 
taken that they do not come in contjict with the |)lates or 
frames of hull. 

The work to be in every respec^t of the first ([uality, and 
executed in a workmanlike an<l substantial manner. 

All flanges to be laced and grooved. All bolt-holes in per- 
mantMitly HxhI parts to be reamed, and the Uxly of the bolts 
to be finishe*! to lit them snuy^ly. All threads on bolts to (;or- 
respond to the Navy standard. All brasses to fit loosely be- 
tween collai's of shafting. 

All nuts on nioving parts and on i>illow-l)l(x'ks to be 
thoroughly secured with keepers, pins, or steel set-screws. All 
bra*<ses or journals to be properly (channeled for the proper 
distribution of oil. All flanges coupled together to be faced, 
and idges ma<le fair with each other. Metallic pjickiug for 
stutfing-boxes to be surh as may be approved. 

The contractors for the hull will supply the labor to fit the 
engine an<l boiler keelsons to the engines and boilers, and 
similarly for all auxiliaries. 

All [)arts of machinery and boilers are to be secured, in an 
approved manner, to prevent displacement when the vessel is 
used for ramming. 

Any portion of the work, whether partially or entirely com- 
pleted, found defe<*tive, must be removed and satisfactorily re- 
plaeed without extra <'harge. 



TES'1>S OF MACHINERY. 



The cylinder-casings, conden-icrs, and all tubes and pipes 

are to Im' te^teil for tightnc-^s before being placed in the ski v^. 
171 u> 1> 



